2.1-3.3 g/dl. 4, 7 Multiple tract PCNL and large stone size may cause an increase in bleeding, as greater blood loss has been reported. 7, 8, 10 Other factors like age, BMI, comorbidities, stone characteristics, operative time, grade of hydronephrosis, thickness of renal parenchyma, puncture type and site may be involved but are not proven yet, and the correlation of these factors with outcome is still under debate.
The aim of this study was to evaluate the factors that may increase bleeding during PCNL.
METHODOLOGY
Consecutive patients were prospectively enrolled who underwent PCNL during a period of six months from July to December 2016. Prior to induction, approval was taken from institutional ethical review committee. All patients who had coagulopathy, urinary tract infection, anatomical deformity were excluded. All patients had preoperative X-ray KUB, ultrasound kidneys and CT KUB for diagnosis and stone size measurement. Routine laboratory tests were performed (hemoglobin, creatinine, sodium, and potassium), and coagulation profile was done in all patients. A single-dose prophylactic antibiotic was given preoperatively in all patients. All demographic data, and baseline and perioperative parameters of the patients were recorded.
All procedures were performed under general anesthesia. Standard PCNL was done. Patient was placed in prone position after placing 5FR ureteric catheter. Access was gained to pelvicalyceal system under fluoroscopic guidance, followed by serial metallic dilatation (Alkens) up to 27 Fr followed by introduction of 30 Fr Amplatz sheath. The stones were removed by forceps after lithotripsy with combined ultrasonic and ballistic lithotripter. Intraoperative fluoroscopy, postoperatively X-ray KUB and ultrasound kidney were the modalities used to assess stone clearance. Drop in hemoglobin was divided into three groups (mild <1 gm/dl, moderate 1-2 gm/dl and major >2 gm/dl).
All data were entered and analysed by using the software Statistical package for social science SPSS version 22. A descriptive analysis was done for demographic and clinical features. Skewed variables were presented as Median interquartile range (IQR) for numerical variables and frequencies with percentages were presented for qualitative variables. Factors such as age, gender, comorbidities, body mass index (BMI), operative time, creatinine levels, renal cortical thickness, stone size, its characteristics and location, puncture type and site, and need for blood transfusion were assessed by Chi-square/ Fisher exact test and Kruskal Wallis test. Predictive factors were also assessed by multinomial logistic-regression analyses. All p-values were two sided and considered as statistically significant if <0.05.
RESULTS
Three hundred and five patients were enrolled in the study. Median age was 37 (27. 5- Two hundred and ninety-eight (97.7%) stones were radio-opaque. Mean operative time was 95 (60-127) minutes. Parallax/oblique puncture technique was used in 253 (83%) patients, mostly in lower calyx as stones were located more in pelvis and lower calyx (Table I) . Complete stone clearance was achieved in 84% patients. Most common complication was postoperative fever in 30 (9.8%) which was managed conservatively with antibiotics, and 30 (9.8%) patients needing blood transfusion. None of the patients required angioembolisation (Table IV) . One patient developed hydrothorax which required tube thorocostomy.
DISCUSSION
As PCNL is a more invasive procedure than extracorporeal shock wave lithotripsy and flexible ureteroscopic stone removal, the incidence rate of complications is reported to be between 3% and 18% as reported in multiple studies. 7 Various complications are associated with PCNL, like pain (49%), fever (30%), urinary infection (11%), renal colic (4%), with septicemia (4.1%); whereas, major complications include bleeding requiring blood transfusion, injury to the surrounding organs such as the intestine or the spleen, and pelvic perforation. 11 Among these, bleeding is the commonest major complication of PCNL, requiring blood transfusion, with an incidence reported between 0.8% and 45%. 7 Injury to renal vessels is the cause of this bleeding during the procedure. Venous bleeding can be stopped by transient balloon tamponade of the tract, but it is different for arterial bleeding. Incidence of arterial injury is reported between 0.9% and 3% for percutaneous procedures. 12 If tamponade is not successful in stopping arterial bleeding, in 0.3% to 1.4% cases, interventions such as angioembolism are used to achieve hemostasis. Most cases require only conservative management like nephrostomy obstruction, fluid supply or hemostatics. 7, 13 Where intraoperative bleeding is large enough blocking visualisation, it is better to halt the procedure and wait for natural hemostasis. Where bleeding is massive and this cannot be achieved, renal blood loss can be controlled by renal angiography and selective angioembolisation, which shows a success rate of 92.3%. 13, 14 Arteriovenous fistula and pseudo aneurysm are the most common vascular complications. A higher difference in blood pressure between injured artery and adjacent injured vein results in their formation. Pseudoaneurysm is formed by the bloodstream near renal parenchyma and its rupture may cause delayed bleeding. 13, 15 Although rare, intraoperative bleeding may be caused by arterial laceration. 15 The rate of blood transfusion after PCNL is between 2% to 45% in multiple series. 7, 12, 13 The present results showed blood transfusion rate of 9.8%, while none of the patient had angioembolisation. Risk of blood transfusion depends on multiple factors like operative technique, comorbidity, stone burden, surgical steps in PCNL including puncturing of calyx, dilatation, operative time, and lithotripsy devices. 12 Among these factors, the predictive factor having the most influence on blood loss during PCNL was the stone burden. As compared to calyceal stones, complete and partial staghorn calculi had an association with greater blood loss as shown in various studies. 8, 10 In comparison to non-staghorn calculi, staghorn calculi showed greater changes in hematocrit levels. 16 Size and complexity of stones have direct association with renal vasculature injury reported by several researchers. 10, 15 Sometimes, multiple tracts may be required for the removal of complex and staghorn calculi in complex caliceal patterns which also increase the risk of bleeding. 8 In one study, transfusion rate was 4.46 times more in multiple accesses group compared with single-tract approaches. 7 To overcome the effect of multiple accesses, multiple maneuvers are needed for complete clearance of pelvicalyceal system. In such cases, incidence of renal vasculature injury was thought to be higher due to excessive intrarenal maneuvers with the use of rigid nephroscopes to access stones present in different calices, as these may be the cause of renal parenchymal and caliceal neck injury. 8 After the development of flexible nephroscopy, holmium laser lithotripsy, and improved grasping devices and baskets, large stones can be dealt with better success rate, and lower requirement of transfusion and bleeding risk. 17 In this series, flexible nephroscope and laser lithotripsy were used where needed. Therefore, only 16 patients had double access and none required more than 2 accesses. There was no difference in blood loss in patients who had more than one access. Some recent studies also reported no difference in blood loss in multiple access PCNL. 7, 8, 10 As far as location of access was concerned, there was no difference with respect to blood loss. This finding was also supported by some studies which found no association in location of access and bleeding, but the occurrence of hydrothorax was higher in upper calyx access. 8 Furthermore, obesity is also associated with an increase in complication rates. 18 In this study, BMI was significantly associated with bleeding along with operative time and stone size.
Multivariate analysis of the results of this study did not support hydronephrotic cortex as having association with reduced bleeding as suggested by Smith. 19 In addition, factors like tract dilatation techniques have been extensively studied. Balloon dilatation is expensive but has a decreased (13.7%) bleeding risk and need for transfusion compared to dilatation with Alken metal dilators (16.6%). 20 As balloon dilatation does not need repetitive passing through nephrostomy and has its own pressure, therefore poses a lower risk of bleeding. 7 Despite all its advantage, use of balloon dilators is not popular in Pakistan due to its cost.
In this series, only metal dilators were used, therefore, we could not compare its effects, which is one of the limitation of this study. Other limitation is, its nonrandomised, consecutive sampling, uneven patient distribution among different variables, and lack of information regarding lithotripters. However, all data were recorded prospectively in a detailed proforma, which was filled by a research associate who was not the part of surgical team. Moreover, all the strategies of preoperative assessment, surgical techniques, and postoperative management were indistinguishable, as all procedures were performed by the same team in the same institute.
CONCLUSION
BMI, stone size, and operative time were strongly associated with intraoperative blood loss during PCNL. Surgeon must consider these factors at the time of planning the surgery, so that necessary arrangements and actions can be taken preemptively.
